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3.3 Measurement & Analysis 
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3. Method 
 
3.1 Sample preparation and staining procedure 
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3.2 Measurement & Analysis 
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4.1.1 Points to consider 
 
PF FCCD CF A B	 FEF DF" DC EFF CBF	B		F)CFC
D BCBD DEF	 BFEF DF C	BB	DF B	 !DBAED PDC CD"
FDCD!DCA B CF EF CB	 CF E!F/D &FFC E F CFCF  B
EACBFCF	 CF FCCD EF EFEF B"BE DFECDB B AF
F	FFFCCDFADCDFECFEF





































































	,"   N5CC #EAC EAC
	>"   N #EAC EAC
	." 	  	N5CC #EAC 	EAC



















	->"A # 8;#EACQE #EACNA #EAC
	-."E # A #EACQE #EAC








	C*"=   9EACQ=  EACN AEAC
	C,"0DC  E0B EACN=  EAC0DCEACN0B EAC
	C>"8J9 8EACQ9EAC
	C."0DCDCB  E0B DCN=  DC0DCDCN0B DC
	CB"=  DCB 9DCQ=  DCN ADC
FC) 1 
	(5"8J9DCB 8DCQ9DC
	(3"<0B DCB REDCN0B DC<EE0B DCN0=-"DCN ADC
	(-"8DCB <EE0B DCQ8DCN0B DCN #DCN8 A-"DC
	(C"REDCB 0DCDCQREDCN0=-"DCN ADC
CDE	A	
	((" J#A	$ 9EAC#A	EACN0=-"EACN #AEAC
	(*" J#A	$$ 9DCQ#A	DCN0=-"DCN #ADC
	(,"#0 #A	DCN0=-"DCN #DC=  DC
AEAFBEA	
	(>"EA EDCQREDCN DCN #ADC
	(."E< EEACQEEACN EACN #EAC
	(B" EC  EACNREEACQ#A	EACNEEAC
	*5" J   EACQ EACN EAC
	*3"ADEC ADEACEEACN- EACN0=-"EAC
	*-"$FEC $FEACNREEACN-0B DCN #DC<EE0B DCN E0B DCNEEACN ADCN8 A-"DC
	*C"4FEC 4FEACNREEACNC0B DCN- #DCC E0B DCNEEACN ADCN8 A-"DC
	*("4AEC 4AEACN-REEACN-0B DCN #AEAC- E0B DCN-EEACN-0=-"DCN- AEAC
N- ADCN8 A-"DC
	**"9FCEC 9FCEACN<F	EACN0B DCNC #EACN #DC0AEACN<EE0B DCN EACN ADCN0=-"EAC
	*,"#FEC #FEACN=-"EACN #AEACA	EAC
	*>"#	BEC #	BEACQEEACN- AEAC
	*."	EC 	EAC#A	DCN DCN0=-"DCN AEACN ADCN8 A-"DC
	*B"	EC 	EACN-0B DCNC=-"EACN #AEAC EACN- E0B DCN EACN-0=-"DCN-0=-"EAC
N AEACN- ADCN8 A-"DC
	,5"1EC 1EACNREEACN0B DCN #DC<EE0B DCNEEACN0=-"EACNC ADCN8 A-"DC
	,3"A	EC A	EACNREEACN-0B EACN-=-"EAC8EACN- E0B EACNEEACN0=-"EAC
	,-"<F	EC <F	EACQ#A	EACN EAC
	,C"0AEC 0AEACNREEACN=-"EAC#A	EACNEEAC
	,(" EC  EACNREDCQEEACN=  DC
	,*" 	EC  	EACNREEAC-EEACNM	FEACN AEAC
,-&.DAAF	*	A	
	,,"9A8J$ <F	EACNA8EACEAEACN9A8EAC
	,>"9A8J$$ EAEACNA8EAC AEACN0=-"EACN EACN9A8EAC
	,."M	DE ED  EACN-EEACNEAEACN-9A8EACN> #EACN0=-"EAC
M	DE EDEACN8EACN-EEACN-A8EAC
/ACAF	*	A	
	,B"0A4D 3. E0B EACN3. #EACN33=-"EACN-> #AEAC
0AN3.0B EACNB0=-"EAC
	>5"#04D E #EACN<F	EACN->, #EACN3>, E0B EACN(9A8EACN- AEACNC3- #AEAC
#0N3>,0B EACN(A8EAC
	>3"#4D E #EACN<F	EACN3., #EACN3>, E0B EACN9A8EACN- AEACNC3- #AEAC
#N3>,0B EACNA8EAC
	>-"#<4D E #EACN<F	EACN3., #EACN3>, E0B EACN-9A8EACN- AEACNC3- #AEAC
#<N3>,0B EACN-A8EAC
	>C"#E44D -E #EACN3>, #EACN3>, E0B EACN( AEACNC3- #AEAC
#E4N3>,0B EAC
	>("#$4D E #EACNE,#EACN3>, #EACN3>, E0B EACN- AEACNC3- #AEAC
#$N3>,0B EAC
FC) 164 
	>*"<94D -<F	EACN->. #EACN3,. E0B EACNC9A8EACN- AEACN-B, #AEAC
<9N3,.0B EACNCA8EAC
	>,"#E4D CE #EACNC*- #EACNC*- E0B EACN, AEACN,-( #AEAC
#ENC*-0B EAC
!	D	
	>>" #D  #EACDCFEF
	>."4EBC 4EEAC4E
	>B" BC  EAC 
	.5"M	DE EDBC M	DEEDEACM	DEED
	.3"M	FBC M	FEACM	F




	.*" AEAC"C	  AEACQ ADC






	B-" C	  EACQ DC
	BC"8 AB/ =-"EACN-8 A-"DCC #DC
	B(" ADC"C	  ADCQ #ADC
	B*" AB/ =-"EACN- ADC* #DC
	B," AEAC"C	  AEACQ #AEAC
 *	A	EDEE	FBAE		
	B>": 5**-	BCFDN5-,CE	BA	CFN53C3DDN55-C N55C3& DB





 S3TUC55B&*#EACNCB3- EACN*>3>EEACN)-35, AEACN3*5*EAEACN--*,B #EACNB5C ADC
N)-(5>9EACNB5C #AEACN)*>3>EEACN*(3>9A8EACN)*(3>A8EAC
















2.1 Zweck und Zielsetzung 
 
Das Modifizierte Vacciniavirus Ankara (MVA) ist ein attenuiertes Vacciniavirus, 
das aufgrund seiner immunstimulierenden Eigenschaften als Pocken- und 
Vektorimpfstoff verwendet werden kann. Daher ist die Untersuchung der 
Vermehrung von MVA interessant, vor allem in potentiellen Produktionszelllinien. 
Die Analytik mit einem fluoreszenzmarkierten Virus erleichtert den Nachweis des 
Virus in der Wirtszelle. Für diese Untersuchungen soll ein rekombinantes MVA 
verwendet werden, welches das Markerprotein GFP trägt, wessen Gensequenz 
mittels homologer Rekombination unter Kontrolle des Vacciniavirus Promoters 
PmH5 in die Deletion Site III des MVA-Genoms inseriert wurde (MVA-GFP). 
 
GFP  
GFP steht fuer Green Fluorescent Protein, welches aus der Qualle Aequorea 
victoria isoliert wurde und seitdem häufig als Markerprotein verwendet wird 
(Shimomura, O. et al. (1962); J Cell Comp Physiol 59:223-239). 
 
2.2 Ursprung des MVA-GFP 
 
Die Zielgensequenz von GFP wurde unter Kontrolle des Vacciniavirus-
spezifischen Promoters PmH5 in das MVA-Transferplasmid pIII-PmH5-gfp 
(Sutter & Moss PNAS 1992, Staib Biotechniques 2000, Hornemann J Virol. 2003) 
eingesetzt, mit dessen Hilfe eine Insertion der GFP-Zielgensequenz in das MVA-
Genom erfolgte. Das Plasmid enthält die MVA-Gensequenzen Flank III-1 und 
Flank III-2, welche die Insertion des Zielgens in die Stelle der Deletion III im 
MVA-Genom (Meyer J Gen Virol 1991) ermöglicht.  
Das Markergen wurde mit Hilfe des generierten Plasmids (s. o.) durch homologe 
Rekombination im MVA-Genom inseriert. Dazu wurden 
Hühnerembryofibroblasten (HEF) oder Hamsternieren-Zellen (BHK-21) mit der 
Plasmid-DNA transfiziert und gleichzeitig mit nicht-rekombinantem MVA infiziert. 
Durch Sichtung der GFP-Expression im Fluoreszenzmikroskop konnten 
rekombinante MVA, die das GFP-Zielgen stabil in ihr Genom integriert haben, in 
Zellkulturpassagen auf HEF klonal isoliert werden. Die so gewonnenen 
rekombinanten MVA wurden auf HEF amplifiziert und einer 
molekularbiologischen Qualitätskontrolle unterzogen (Test auf Expression des 
Zielgens und genetische Stabilität). Eine Kultur des in HEF generierten MVA-
GFP, bereitgestellt durch das Institut für Infektionsmedizin und Zoonosen an der 
Ludwig-Maximimilians-Universtät München soll genutzt werden, um die 
geplanten Arbeiten am Max-Planck-Institut in Magdeburg durchzuführen.  
 
Zur Konstruktion der MVA-Vektorplasmide wurden Escherichia coli Stämme, wie 
K12 und Derivate, verwendet, die die Kriterien für die Risikogruppe 1 erfüllen 
(Liste risikobewerteter Spender- und Empfängerorganismen für gentechnische 
Arbeiten (BVL 78/2009/4) der ZKBS). 
 
MVA ist ein hoch attenuiertes, replikationsdefizientes Vacciniavirus, welches in 
die Risikogruppe 1 eingestuft wurde (Liste risikobewerteter Spender- und 
Empfängerorganismen für gentechnische Arbeiten (BVL 78/2009/4) der ZKBS). 
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Dies gilt auch für rekombinante MVA, die Reportergene bzw. Strukturgene 
enthalten, die die Vermehrungsfähigkeit von MVA in vom Menschen 
stammenden Zellen nicht wiederherstellen (Stellungnahme der ZKBS vom Juni 
2002 Az. 6790-10-74). 
 
Die Gensequenz von GFP wurde aus dem käuflich erwerbbaren Plasmid pEGFP 
präpariert (Fa. Clontech, Heidelberg, Germany). Bei GFP handelt es sich um ein 
Fluoreszenzprotein, das als inertes Markierungsprotein bei unterschiedlichsten 
Organismen hervorragend charakterisiert ist. Es kann daher mit großer Sicherheit 
davon ausgegangen werden, dass GFP keinen Einfluss auf die 
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Modified Vaccinia Virus Ankara (MVA) is a large dsDNA virus suitable to carry a 
considerable amount of foreign antigens in its genome. Commonly, the site of insertion 
is Deletion Site III, one of the six large parts that are not existent in MVA compared to 
its ancestor vaccinia virus. However, also for research with MVA recombinant strains 
are often produced using marker genes such as GFP. When MVA then infects a cell 
and transcription and translation of the viral genome starts, the marker gene is 
translated as well. As MVA replicates in the cytoplasm of the cell, the produced protein 
then usually accumulates in the cytoplasm (schematically shown in Figure 1). Thus, 
infected cells will show elevated marker protein content in the cytoplasm, whereas 
uninfected cells do not. 
 
Figure 1: Schematic representation of egfp expression in a recombinant MVA strain that can be 
used to follow the infection status in an infected cell population. 
With this, by detection of intracellular protein, infected and uninfected cells can be 
distinguished and thus, one can get information about the infection status of a cell 
population. In case the marker protein is a fluorophor, e.g. GFP, this can be done by 
flow cytometric analysis. To prevent diffusion out of the cell from the rather small GFP 
protein, cellular and viral proteins need to be fixed in the cell before analysis. Then, the 
flow cytometric measurement can directly follow. 
This procedure describes how infection status of AGE1.CR.pIX suspension cells is 
determined when infected with MVAegfp, a recombinant MVA strain with an egfp gene 
insertion in deletion III (construction by G. Sutter, LMU München). However, with small 
adaptations it should be transferable to other recombinant strains with a fluorophor as 
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marker protein and other cells than AGE1.CR.pIX. 
2. Materials 
 
 Cells in suspension 
 ViCellXR for cell counting 
 Reaction tubes (2,2 mL) 
 Centrifuge with swing-out rotor for small tubes 
 1x trypsin solution (stored in N1.06 4 °C, prepared as described in worksheet 
V/02.1) 
 Fetal calf serum or culture medium 
 Vortex 
 Micropipettes (100 µL, 1000 µL), disposable tips, non-sterile 
 Non-sterile phosphate buffered saline, (PBS, produced as described in SOP 
M/01) 
 Paraformaldehyde solution (2 %), caution: harmful! 
 Flow cytometer tubes (Sarstedt, Nr. 55.1578, 5 mL, PP) 
 Flow cytometer with 488 nm laser and a fluorescence channel of 505-545 nm 
(e.g. Epics XL from BeckmanCoulter) 
 Software to evaluate flow cytometer data (Expo32 software from 
BeckmanCoulter or FlowJo software) 
                                          
3. Method 
 
3.1 Sample preparation and staining procedure 
 
Count cells from infected or non-infected cell culture with the ViCellXR device. Pipet the 
volume needed for 1.0x106 cells in a 2.2 mL reaction tube. Calculate the required 
volume of cell suspension based on total cell concentration and slightly round up the 
volume. Add an equal volume of 2 % paraformaldehyde solution to the sample. Mix 
gently and store at 4 °C (best is to place them lying) for at least 1 h, but 24 h in 
maximum. This offers the opportunity to measure samples from two days together. 
Make sure not to store them longer than 24 h as then the EGFP intensity drops and 
results might be falsified. 
After the incubation time centrifuge the samples at 500xg for 10 min, re-suspend the 
cell pellet in PBS (500 µL is sufficient) and re-do this washing step. After having 
washed the cells three times, leave the sample in PBS until measurement at the flow 
cytometer. 

3.2 Measurement & Analysis 
 
Before working with the flow cytometer please read the instruction and (!) ask an 
experienced person to show you the most important things.  
Start and purge the cytometer as described in the instruction (N0.11). For measuring 
AGE1.CR or AGE1.CR.pIX cells, open the protocol “MVAegfp.pro” which is saved in 
the account “admin”. Transfer the samples into cytometer tubes. Don’t use a filter cap 
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to remove aggregates unless it is not avoidable. If large aggregates are present, better 
add trypsin to the sample before incubation. Put each tube into the cytometer sample 
device - measurement will start automatically and all necessary plots also appear 
automatically. Each measurement should be documented appropriately with the 
protocol used and the Lmd-file that was generated. Measure all samples, purge and 
shut down the cytometer as described in the instruction. 
For analysis, best use the FlowJo software. First, set a “monomeres” or “single cells” 
gate to exclude aggregates from analysis. This can be done e.g. by plotting the AUX 
signal vs FS signal. An examplary histogram can be seen in the SOP A/03 about cell 
cycle measurement via propidium staining and flow cytometric analysis. 
 
The EGFP intensity is followed in the FL1 channel (green fluorescence). Adjust the 
gates for “uninfected” and “infected” cells using a mock-infected sample or a sample 
taken at 0 h post infection. At this time point, no EGFP signal is visible. For one 
experiment, gates should be set to the same parameters for all samples. Typical plots 














Figure 2: EGFP intensity histogram derived from measurement of a AGE1.CR.pIX cell culture 
infected with MVAegfp and measured 0 h post infection (left) and 72 h post infection (right). 
Analysis was done using FlowJo software (version 10). 
 
 
4.1.1 Points to consider 
 
At late time points after infection, it might be that a considerable amount of infected 
cells is already damaged. During fixation and washing steps, these cells might lyse. 
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